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Disclaimer 

The contents of this report reflect the views of the author or authors who are responsible for the 
facts and the accuracy of the data presented herein. The contents do not reflect the official 
views of the North Dakota Department of Transportation or the Federal Highway 
Administration. This report does not constitute a standard, specification, or regulation. 
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EVALUATION OF A PERMEABLE ASPHALT STABILIZED BASE 

BENEATHAN ASPHALT PAVEMENT 

PROJECT CM-6-002(039)318 

Objective 

The objective of this study is to determine if a permeable asphalt stabilized base can be 

as effective as other established methods in preventing alligator and transverse cracking, 

rutting,and patching . 

Scope 

The normal practice to correct cracking, rutting, and patching is to mill and overlay or to 

reconstruct the section. The scope of this study is to compare the performance of an asphalt 

roadwayconstructed with a permeable asphalt stabilized base (PASB) with edge drains to the 

three sections listed below: 

1) Dense Graded Base (DGB) with Edgedrains 

2) Dense Graded Base (DGB) without Edgedrains 

3) Mill and Overlay 
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Location 
This test section is located in Grand Forks County, 

North Dakota, in the westbound lanes of Highway 2 in 

reference miles 320 and 321. Two eastbound sections 

were selected in reference miles 319 and 325. 

The entire project comprised 23.395 miles, 9.880 

miles in the eastbound lanes, 15.595 miles in the 

westbound lanes, and 2.08 miles for exceptions. Of the 

23.395 miles, 1.50 miles were selected to test the effectiveness of a permeable asphalt 

stabilized base to delay the development of cracks and rutting. Photo 1 is a view of the roadway 

in the area of the test section. 

Photo 1: View of roadway at test sections looking west 
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Project History 

Construction 

Table 1 shows the history of the pavement sections from mile 318.984 to 329.073: 

Year 

Constructed 

Type of 

Construction 

Depth 

(in.) 

Rdwy 

Width (ft.) 

Milepoint318.984 Left to Milepoint 329.073 Left 

1962 Grade 48 

1963 Aggregate Base 8.0 32 

1982 Hot Bit Pavement 2.0 30 

1982 HotBit Pavement Level Course 1.5 27 

Milepoint318.984 Right to Milepoint 324.354 Right 

1962 Grade 48 

1963 Aggregate Base 5.0 44 

1963 Hot Bit Pavement 4.0 42 

1963 HotBit Pavement Wrng Course 2.0 24 

1969 HotBit Pavement Level Course 2.0 42 

1969 HotBit Pavement Wrng Course 1.5 24 

1971 Plant Mix Seal 0.5 24 

Milepoint324.354 Right to Milepoint 329.073 Right 

1962 Grade 48 

1963 Aggregate Base 5.0 44 

1963 Hot Bit Pavement 4.0 42 

1963 HotBit Pavement Wrng Course 2.0 24 

1969 HotBit Pavement Level Course 2.0 42 

1969 HotBit Pavement Wrng Course 1.5 24 

1972 Plant Mix Seal 0.5 24 

Table 1
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Traffic 

Table 2 is traffic data in reference to 1.5 miles east of east junction ND 32 to 1.4 miles 

west of junction ND 18. This data is the same for both the eastbound and westbound roadways 

for the year of construction (1992) and for the current year (1996). 

YEAR PASSENGER TRUCKS TOTAL 30TH 

MAX 
HR 

FLEXIBLE 

ESALS 

1992 1050 250 1300 130 175 

1996 1500 330 1830 180 260 
Table 2 

Design 

Materials and Research Division did extensive testing to determine the best method of 

rehabilitation.  The 1990 distress score was 79. The primary distresses were alligator and 

transverse cracking, rutting, and patching. The average rut was 0.42 inches. 

Core data for the westbound lanes measured an average of 3.56 inches of HBP with an 

average of 0.94 inches of patch and seal material for a total thickness of 4.5 inches. Aggregate 

base thicknesses were measured during drilling operations to obtain California Bearing Ratio 

(CBR) samples. The average base thickness measured was approximately 7.0 inches. 

FWD testing detected a weak subgrade predominately under the westbound roadway 

inthe western portion of the project. Subgrade modulus of elasticity values were consistently at 

or below 4,000 psi from milepoint 319.000 to milepoint 322.436. The CBR samples through 

this area also had very low values with high liquid limits. CBR values of one with liquid limits in 

the 60 to 90 range indicate very unstable material. 

The core data for the segment of the eastbound roadway from milepoint 318.984 to 

milepoint 324.354 (table 1) indicated an average thickness of 9.38 inches HBP and 1.33 

inches patch and seal for a total thickness of 10.71 inches. 

The core data for the segment from milepoint 324.354 to milepoint 329.073 (table 1) 

indicated an average thickness of 8.90 inches HBP and 1.25 inches patch and seal for a total 
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 thickness of 10.15 inches. The average base thickness for both segments measured 5.25 

inches. 

The plans called for installation of the permeable asphalt stabilize base (PASB) section 

inthe westbound subgrade repair area from station 239+44.8 to station 265+44.8 for a total 

length of 2600 feet. A one-mile section of edge drains would be placed to include the PASB 

sectionplus 2600 feet adjacent to the PASB section. The third section would be the control 

sectionwhich would be an adjacent subgrade repair of similar length. The three sections would 

also be evaluated with sections of the eastbound roadway with a typical mill and overlay 

section.  The typical sections are shown in appendix A. 

The drainable base gradation consisted of the following: 

Sieve Size 

1" 

3/4" 

1/2" 

3/8" 

#4 

#8 

#16 

#200 

Allowable % Passing 

100 

95 - 100 

85 - 100 

60 - 90 

15 - 25 

2 - 10 

2 - 5 

0 - 3 

SpecialProvision 208 (Appendix B) required eighty-five percent of the material 

retained on the #8 sieve have at least two fractured faces produced by a crushing process. The 

LA Abrasion loss had to be fifty percent or less and the shale content be a maximum of eight 

percent. 

Construction 

The project consisted of three major work elements which were: 

1) Subgrade repair in selected areas 

2) Milling existing bituminous pavement at select areas 

3) Placement of HBP on: 
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a) Permeable asphalt stabilized base 

b) Dense graded base 

c) Milled pavement 

Constructionbegan on June 8, 1992. The prime contractor was Mayo Construction 

Company, Incorporated. They were responsible for the milling, hot bituminous paving, 

installing geotextile separation fabric, removing and salvaging bituminous surfacing, and 

priming aggregate base courses. 

Five locations were designated for subgrade repair. The repair consisted of removing 

and salvaging the bituminous material, removing and salvaging the base course, removing 

the subcut material and placing the material on the inslopes. The subcut areas as shown in 

appendixA were scarified, shaped, refilled, and compacted with Class 3 aggregate for the 

subbase and Class 5 aggregate for the base course. The two sections of subgrade repair in 

the eastbound roadway had eight inches of Class 3 aggregate, five inches of salvaged 

aggregate base course, and six and one-half inches of Class 5 aggregate. The longest area of 

subgrade repair was 18,220 linear feet in the westbound roadway and includes the permeable 

asphalt stabilized base (PASB) test section. This section called for the placement of eight 

inches of Class 3 aggregate, four inches of salvaged aggregate base, and six inches of Class 

5 aggregate. The test section called for geotextile separation fabric on the subgrade, six 

inches of Class 3 aggregate, four inches of salvaged aggregate base, four inches of Class 5 

aggregate,and four inches of permeable asphalt base material. An edge drain system was 

installed along the edge of the westbound driving and passing lanes from station 212+64.8 to 

station265+44.8 (5280 feet) which includes the test section. The edge drain system required 

installationprior to the placement of the PASB. 

The contractor trenched both sides of the roadway after the subgrade elevation was 

obtained. Once the trenching was completed, a geotextile separation fabric was placed in the 

trenchfollowed by the polyvinyl chloride sewer pipe. Granular material that met SP 208 was 

used to fill the trench from station 239+04.8 to station 265+44.8. Class 5 aggregate was used 

to fill the remaining trenches. 

The limits of the test section, as indicated on the typical sections, were between station 

239+04.8 and station 265+44.8. A plan quantity of 2,023 tons of PASB was based on an end 
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sectionof 12.17 square feet, a length of 2,640 feet, and a weight per cubic yard of 1.7 ton. 

Inadvertently, less asphalt was ordered than was needed to complete the entire length of the 

test section. The reduced tonnage limited the test section from station 244+06 to station 

265+44.8 (2138.8 ft). 

The PASB was put down in September of 1992 with the temperature of the material 

greater than 200°F. During the rolling process the material spread or pushed out with each 

pass of the roller. To correct this action the roller was required to wait until the temperature of 

the material had fallen to 180°F or less. 

Evaluation 

Materials and Research visited the test site on December 10, 1996. The eastbound 

and westbound roadways from milepoint 319 to milepoint 327 were evaluated for various 

distresses. The stationing for the sections evaluated in this study are listed in table 3: 

SECTION STATIONING LENGTH 
(ft.) 

Dense Graded Base 
without Edgedrains 

186+24.8 - 212+64.8 
Left 

2640.00 

Dense Graded Base 
with Edgedrains 

212+64.8 - 244+06 
Left 

3141.20 

Permeable Asphalt 
Stabilized Base 

244+06 - 265+44.8 
Left 

2138.80 

Mill and Overlay 
103+15.3 - 129+55.3 

Right 
2640.00 

419+95.3 - 446+35.3 
Right 

2640.00 

Table 3 

Transverse cracks were counted in portions of the westbound sections and in two sections in 

the eastbound roadway for comparison. The two eastbound sections are in mile 319 and in 

mile 325. All of the sections where the transverse cracks were counted were of a comparable 

length of approximately 1/2 mile as shown in Table 3. 
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The evaluation began on the westbound roadway starting near milepoint 329 and 

continuing through the test sections containing the permeable asphalt stabilized base (PASB) 

with edgedrains, the dense graded base with edgedrains, and the dense graded base without 

edgedrains.  Upon driving over these sections, the same washboard effect was noticed as was 

reported in the previous evaluation. It does not appear to have increased in severity. 

The cracks in all of the sections except the dense graded base section containing 

edge-drains were completely across the roadway and extending into the shoulders. All of the 

cracks were slightly depressed. One-half of the cracks in the dense graded base with 

edgedrains were completely across the roadway while the other half of the cracks were across 

the driving lane only. 

The PASB section had 49 transverse cracks for an average of 22.9 cracks per 1000 

feet.  This was an increase of 5% over the 18.2 cracks per 1000 feet average for 1995. Photo 2 

illustrates a typical crack in the PASB section. Photo 3 is a close-up view of this crack. 

The section containing the dense graded base with edgedrains had 52 transverse 

cracks for an average of 16.6 cracks per 1000 feet. This was an increase of 1409% over the


1.1 cracks 


per 1000 feet for 1995. There were several small cracks observed at the west end of the


Photo 2: Typical crack in the PASB section 
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Photo 3: Close-up view of Photo 2 

Photo 4: Typical crack in the dense graded base with edgedrain section 
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sectionwhich were 

notincluded in the 

crack count. The 

cracks were very 

tight with very little 

spalling. Photo 4 is a 

viewof a typical 

crack observed in 

this section.The 

sectioncontaining 

the dense graded 

base without 

edgedrains had 39 

transverse cracks 

for an average of 

14.8 cracks per 

1000 feet. This 

was an increase of 

106% over the 7.2 

cracks per 1000 

feetfor 1995. The 

cracks that were in 

one lane only (19 of 

the 39 cracks) were 

tight with no 

Photo 5: Typical crack in the dense graded base without edgedrains 

spalling. The Photo 6: View of a typical depressed crack


cracks that were across the entire roadway were not tight (approximately 1/4 inch wide). 


Althoughthese cracks were wider, they were not depressed. Photo 5 is a view of a typical 

crack observed in this section. 

The evaluation continued with 
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the eastbound 

roadway.  There 

were depressed 

cracks that were felt 

as the section was 

observed. These 

depressed cracks 

were mainly in the 

driving lane for the 

entire length of the 

section.  Photo 6 

shows a depressed 

crack between 

milepoint 322 and 

milepoint 323. 

There were also 

longitudinalcracks 

on this roadway. 

Theywere located 

approximately 

1.5feetfrom the 

centerline in the 

driving lane. Photo 

7 is a view of the 

longitudinal 

Photo 7: V iew of a typical longitudinal crack in eastbound lanes 

Photo 8: Typical crack in eastbound roadway
cracking.  From


milepoint 319 to milepoint 319.5 there were 67 transverse and diagonal cracks for an average


of25.4 cracks per 1000 feet. This reflects no change from the number of cracks observed in


1995.  From milepoint 325 to milepoint 325.5 there were 100 transverse cracks for an average


of37.9 cracks
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per 1000 feet. This 

was an increase of 

79% over the 21.2 

cracks per 1000 

feetobserved in 

1995. Photo 8 

shows a typical 

crack in the 

eastbound 

roadway.  Photo 9 

is a close-up of 

photo 8 showing 

the depression of 
Photo 9: Close-up view of Photo 8 

the cracks. This condition is typical for all of the transverse cracks other than the cracks in the 

dense graded base section without edge drains. The cracks in the driving lane had a greater 

severitythan the cracks in the passing lanes. 

The cracks per 1000 feet are summarized in the following table: 

SECTION 

CRACKS PER 1000 FEET 

1994 1995 1996 

Eastbound Roadway MP 319 25.4 25.4 

MP 325 21.2 37.9 

PASB 15.9 18.2 19.2 

Dense Graded with Edgedrains 1.1 16.6 

Dense Graded without Edgedrains 7.2 14.8 

Table 4 
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Tensections 

ofthe edgedrain 

system were 

observed with a 

Pearpoint video 

system and all ten 

showed good 

evidence of 

drainage as shown 

bythe water lines in 

photo 10. Photo 11 

is a view of a typical


outletfor the Photo 10: View of inside of a typical edgedrain showing flowlines


edgedrains. 

The Pave 

Techdistress report 

inAppendix C 

shows these 

sections had a 

generalride rating 

range of 3.6 to 4.7 

and an average rut 

ofless than 0.19 

inches. This puts 

them in the good to


excellent range as 
Photo 10: View of inside of a typical edgedrain showing flowlines


shown in the rating scale in Table 5. In the PASB section, the report shows an area 

approximately 800 feet long with ride scores in the range of 2.8 to 3.4. These are in the poor to 

faircategories. There were three 100 foot sections in the other two westbound sections that 

had an average ride score between 2.3 and 2.8 (poor category). 
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CATEGORY RUT DEPTH RIDE RATING 

Excellent 0.004 - 0.10 > 4.00 

Good 0.10 - 0.25 3.50 - 4.00 

Fair 0.25 - 0.50 3.00 - 3.49 

Poor 0.50 > < 3.00 

Table 5 

SUMMARY: 

The drainage system in the dense grade base and PASB sections is working. This is 

evidenced by water lines as seen from the video inspection of the edge drains. The Pavetech 

distress report indicates that the overall ride rating is in the good to excellent category for both 

directions of US Highway 2 from milepoint 319 to milepoint 327. However, there are four 100 

footsections in the westbound lanes where distress scores fall into the poor category. These 

scores may account for "roughness" felt when the project was evaluated. There were also 

seven100 foot sections over the entire project where the scores were in the fair category. 

These may also explain the "roughness" in the roadway. 

Another factor which may influence the observed ride would be the amount of cracking 

inthe sections. At this time the milled and overlaid eastbound roadway has 25.4 and 37.9 

cracks per 1000 feet at MP 319 and MP 325 respectively, the PASB test section has 22.9 

cracks per 1000 feet, the dense graded base with edgedrains section has 19.7 cracks per 

1000 feet, and the dense graded base without edgedrains has 14.8 cracks per 1000 feet. 

The average rut from the Pavetech distress report was less than 0.19 inches which is in 

the good to excellent category. 
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